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The aim of this research is to highlight the issues of building the models of control for
automotion of the control process and, in particular, by using the artificial intelligence.
The urgency of the problem is due to the passage of the economy from the fifth
technological mode to the sixth one [1-5]. This passage is accompanied by the use
of very complex automatic control systems, which are not limited only by automation
of the executed algorithms. Management automation requires formalization of this
process, construction and use of various management models. The latter requires
the formalization and use of various management models that reflect various aspects
of the management system. For simultaneous application of several fundamentally
different models, an algebraic approach to modeling is proposed, which consists
in distinguishing the following three components: 1) system of the basic models;
2) systems of standard transformations and standard combinations of models; 3)
approximation mechanism intended to an approximate representation of the required
model as the result of typical transformations and typical combinations of the basic
models. The process plan is considered as the main activity model, we consider the
strategy as the mechanism for creating the plan. Two ways of describing a strategy
are proposed: a hierarchical model and an algebraic representation of a strategy.
The study is a theoretical one. The methodological basis is the system analysis (A.A.
Bogdanov) and the theory of modeling by Yu.B. Melnikov, in particular, the theory of
adequacy, the theory of strategies, etc.

management model, algebraic approach to modeling, strategy of activity,
purpose of activity.

A number of scientists believe that the world is moving from the fifth technological order
to the new sixth one [6-8]. For example, according to S.Yu. Glazyev [7], you can get out

of the economic crisis by moving from the fifth to the sixth technological mode, and this
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should be done as quickly as possible. Latecomers to go to a new mode, they will be
doomed to remain backward appendages of countries that have switched to the sixth
techno-warehouse in time. It is acceptable that countries that have not completed the
fifth technological mode have a chance to jump to the sixth techno-laying. Therefore,
a large number of studies are currently being conducted on various aspects of the

passage to a new technological structure.

The study has a theoretical character. The methodological basis is the system analysis
(A.A. Bogdanov) and the theory of modeling by Yu.B. Melnikoy, in particular, the theory

of adequacy, the theory of strategies, etc.

Some experts believe that the essence of the sixth technological mode is the develop-

ment and implementation of:

1. new quantum technologies, i.e., quantum computer, quantum cryptography, and

quantum teleportation;
2. technologies for new clean energy;

3. nanotechnology in everyday life, mechanical engineering, construction, medicine,

and biology; mainly in the form of new materials;
4. new types of vehicles and their combinations in the system;
5. smart home technologies;

6. robots with elements of artificial intelligence, and android robots.

One of the features of the sixth economy mode is the change in the process control
system. Man is often not can directly manage nano-objects, and complex transport
systems. Artificial intelligence can consider one of the options for automating the mental
activity. Automation and mechanization of activities in the history of mankind have

passed a number of stages such as:

1. creation of tools to compensate the imperfections of the body (a club as com-
pensation for insufficient strength of predator limbs, a knife as compensation of

insufficient tooth size and jaw strength, etc);
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2. increase in power supply and the efficiency of physical labor through creation of
new engines and propulsors (use of water and wind forces, steam forces, use of
internal combustion engines, electricity, creation propellers in the form of a screw,

wheel, etc);
3. physical labor automation;

4. execution automation of the algorithms in mental work (arithmometers, computers

for calculations);

5. intellectual work automation (including artificial intelligence).

Thus, technological progress is characterized, in particular, by a gradual passage
from physical automation activities to automate intellectual activity. The passage to the
sixth mode of the economy is largely connected with the passage from automation
of algorithmic activities to activities with a more complex control system. Management
automation requires formalization of this process, construction and use of different

control models.

Traditionally, the management issues are considered in the management theory
and mathematical control theory. But in theory, management usually refers to the
management of people and groups of people, and the mathematical theory of man-
agement is a field of mathematics. Therefore, within the framework of this theory, they
usually work with already formalized models, moreover, as a rule, these models are
systems of differential or difference equations. We are interested in formalization of
various control models in this research. These models should reflect various aspects
of the management system: work with information (collection, processing, generation
of information, its evaluation, use, etc), formation, implementation and adjustment of
management decisions, formation of motivation, etc.

To create management systems that are adequate to the needs of a society in pas-
sage from the fifth economic structure to the sixth structure, complex models (including
computer ones) are required that reflect various aspects of the management process. In
order to create such models, we propose applying the algebraic approach to modeling,

which is a system of three components [9]:
1. system of the basic models;
2. a system of type transformations and type combinations of models;

3. an approximation mechanism designed to (generally speaking, approximate) rep-
resent the required model as the result of applying the standard model transfor-

mations and typical combinations of the basic models.
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For example, in contemporary radio electronics, the models of radio components,
microcircuits, expansion cards (video cards, sound cards, etc) act as the basic elements.

Typical conversions and typical combinations consist of methods for connecting the
radio components and assemblies (soldering, using standard connectors and interfaces,
etc), methods for replacing and combining parts and assemblies, and others. The
approximation mechanism includes: lists of compatible equipment, typical solutions
for radio circuits and components, methods for calculating electronic circuits, technical

reference manuals for components and parts, CAD, simulation programs, etc.

In this research, we will focus on the plan of activities as one of the most popular
management models in practice. The creator of the plan (for example, some computer
system, say, a knowledge base) and the executor of the plan (for example, the robot
control system) perceive each item in the plan either as a link to some algorithm of
actions, or as a link to the (local) goal of the activity. Now, we restrict ourselves to
modelling the construction of the plan.

As a planning and purpose-setting tool, we propose using activity strategies, see
Figure 1. The interpretation presented in Figure 1is consistent with the interpretation of

this concept in the engineering [10], Political Science [11], Economics [12-14].
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Figure 1: Strategy and its implementation

Today we consider the deductive assignment of the concept of “strategy” (using the
definition) inappropriate due to the versatility and diversity of this concept (it includes
managerial, economic, social, and other aspects). Therefore, at present, to formalize the
concept of “strategy of activity,” we consider the inductive approach to be preferable,
which consists, in this case, of constructing a system of strategy models that reflect
its various aspects. In this paper, we will be guided by our model, which we called

hierarchical, see Figure 2.
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Figure 2: Hierarchical model of activity strategy

The lower level of the strategy (the level of typical purposes) constitutes a system of
purposes typical for the given type of activity. For example, for geometry, the typical is the
purpose represented by the requirement “find the area of the triangle”, and the purpose
of “find the green triangle” is not typical. According to the GOST 34.003-90, the purpose
of the activity is the desired result of the activity process. The philosophical encyclopedia
gives the following interpretation of this concept: “The purpose is one of the elements of
human behavior and conscious activity, which characterizes the anticipation in thinking
the result of activity and the way of its implementation using certain means. The purpose
is a way to integrate various actions.” In our opinion, all of these interpretations of the
concept of “purpose of activity” are not entirely consistent. For example, the subject
of activity can anticipate the negative or undesirable consequences of the activity. But
this does not mean that these expected consequences are also part of the purpose. In
addition, the phrases “desired results” and “element of behavior”, etc., in our opinion,
are not constructive enough as generic concepts. For example, using these concepts
is not easy to construct criteria for assessing the correct understanding the performer
of the purpose set before him.

To build a constructive interpretation of the concept of “purpose of activity”, we
proposed to consider the concept of purpose not as a “starting point” for building a

plan, but as a means of determining the “final point” for fulfilling a plan, see Figure 1. In
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order to find out whether the purpose of an activity has been achieved, it is necessary
to compare the achieved result with some reference models. Therefore, we will interpret

purpose of activity as a system of reference models of the result of activity.

For example, the purpose of “find a triangle” includes reference models defined by
the phrases “triangle with sides of length (lengths of three sides are indicated)”, “triangle
with sides (lengths of two sides are indicated) and the angle between them (angle value

” .

is indicated)”, “triangle with a side (its length is indicated) and corners adjacent to it (the

” 9,

values of two angles are indicated)”, "triangle that is a section of such a body (the body

” »

is described and how the section is drawn)”, "triangle that is the face (projection) of such

” 9,

a polyhedron”,

9 9,

triangle for which spots (described) its construction algorithm”, "triangle,

which is the intersection (union, etc.) of some figures”, "triangle, in which the described
arrangement of vertices and / or sides”, et al.

The richer the composition of the purpose, that is, the more diverse are the reference
models in the composition of the purpose, usually easier to build a plan to achieve this
purpose. In order to ensure the completeness of the purpose composition, it is useful
to have different classifications of reference models as part of this purpose. We usually

use three classifications. In the first, reference models are divided into three classes:

1. the language of the model;
2. templates;

3. specific samples of the activity result.

In another classification, reference models are divided into external and internal ones.
Internal task of the model describes the model through its elements and characteristics.
The example defines a triangle using its sides and angles refers to the internal definition
of the model. External task of the model consists of its description using objects external
to it. For example, the external task of a triangle refers to its representation in the form
of a face or section of a polyhedron, in the form of a geometric shapes intersection
or combination, or as the inside of a closed three-link polyline. The third classification
is based on a direct and indirect specification of the model. We are talking about
a direct model assignment when its elements, characteristics and relationships are
explicitly described. The example defines a triangle by describing the location of its
vertices and / or sides. Indirect model assignment is distinguished by a description of
the characteristic properties of this model or its elements, i.e. a description of such
properties that determine the model to the equality of objects. For example, defining

a triangle using the lengths of its sides is indirect. Since, firstly, the triangle is uniquely
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defined (up to the geometric equality of the figures) using the lengths of its three sides,
and, secondly, the segment is also determined by its length uniquely in the same sense
of equality of figures.

The next level of the hierarchical strategy model is the level of model plans, see
Figure 2, that we call the purpose activity model (TMA). In the framework of the TMA,
the purpose of activity is compared with the set of resources of a certain standard plan
for achieving this purpose using these resources. We will call TMA the full purpose
activity model if the plan, firstly, requires the resources available to the plan executor.
Secondly, he perceives all the plan items either as a reference to a known algorithm, or
as a purpose for which the executor several algorithms for its achievement are known,
and for at least one of these algorithms, the contractor has the resources necessary for

its implementation.

An example of an element from TMA is the purpose represented by the phrase
“‘geometrically interpret the distance between the figures” This corresponds to the
standard plan “draw a segment whose length, by definition, coincides with the specified
distance”. The role of the resource is to determine the distance between these figures. It
also can be a typical algorithm for conducting the corresponding segment, information
about the figures, the distances between which are in question, and so on.

In the case when the purpose activity model is not complete, modification of the
standard plan is required to the state where the resulting TMA becomes complete. To
do this, the top level of the strategy (the methodology level) is connected, which we
call the strategy development mechanism, see Figure 2.

Examples of elements of the strategy development mechanism are the method of
mathematical induction, the method of reasoning “from the contrary”, analytical [15] (see
Figure 4) and synthetic (see Figure 5) methods for finding a solution, etc.

Consider the strategy of solving the geometric tasks about finding the geometric
values. In the process of constructing this strategy, it turned out that the geometric

drawing in itself is not a model of the text of the geometric task, see Figure 3.

The solution, in which the equation BC AK = AC BM is obtained by calculating twice
the double area of the triangle ABC, is based on the model consisting of the following
figures: segments AC, BC, AK, BM and the triangle ABC, see Figure 3a. Another
solution based on the similarity of the triangles AKC and BMC uses a geometric
model that considers the segments AC, BC, AK, BM and triangles AKC and BMC,
see Figure 3b. The second solution will not change even after deleting the side AB, see
Figure 3c, which is unacceptable for the first solution. Thus, according to the drawing

and the condition of the problem, you can build different geometric models.
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Figure 3: Geometric drawing is not a geometric model: AC = b, AK = p, BM = q. Find BC.

In order to apply the well-known analytic and synthetic methods in information
systems, a more rigorous formalization of them is necessary. One of the formalization

options is presented for the analytic method in Figure 4, and for the synthetic method,

in Figure 5.
B0 W -
[Resources = [Resources
2 2
Te WH WL |/E Eiﬁ TA VS TS TS
tZ 58 &P SE &%
"::_?_' _2: - = i :—'T i:_. 3; = = ==
<3 g8 I8 I¢ £5 32 &8 I9% I
<§ m§ =E R iz S5 omg =g =
O S S
= & s T o < = < o
5 = = k- Z o 5 = = -~
o o o EE= o, A o, 0.
~_ \ J [= ~ N /-
aim= {RM;; ...; RM,} Z aim= {RM, : RM,.}
a _ b

Figure 4: lllustration to the analytical analysis

Now, we will consider application of the strategy to solving geometric task using the
example of the task “Inside a 60° angle, there is a point M at a distance of \/7 and 2\/7

from the sides of the corner. Find the distance from M to the top of the corner.”

Let us consider implementation of the strategy using the strategy development

mechanism, see Figure2.

Firstly, we apply the analytical method. The objectives of “finding distance” corre-

spond to two typical plans:

plan 1:
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Figure 5: lllustration to the synthetic analysis

a b C

Figure 6: lllustration for an example of applying the strategy for solving the geometric task

1.1) select and apply the appropriate formula;

plan 2:

2.1) construct a segment whose length is by definition equal to the desired distance
(i.e., AM);

2.2) find the length of the segment AM.

We do not have enough resources to complete the first plan (there is no necessary

formula).

To fulfill the second plan, we will construct the segment AM in Figure 6a. To calculate

the length of a segment, the resource is geometric shapes, for which AM is the side,
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radius, and others. Now the secondary target is represented by section 2.2. There are

conditions for applying the synthetic method.

The condition of the problem gives the resource in the form of distances from M to

the sides of the corner; there are several typical plans for using this resource:
plan 2.2.1:
2.2.1.1) substitute these distances into some formula;
plan 2.2.2:
2.2.2.9) draw segments CM, BM,

2.2.2.2) highlight the figures in the drawing, allowing to express the desired value

through the known;
plan 2.2.3:
2.2.3.1) draw segments CM, BM;
2.2.3.2) enter a symbolic identifier for the desired value (for example, AM);

2.2.3.3) highlight the figures in the drawing that allows you to calculate a certain

value in two ways (i.e., get the equation);
2.2.3.4) get the equation for AM;
2.2.3.5) solve the equation for AM;
2.2.3.6) geometrically interpret the result (for example, remove “extraneous roots”);
plan 2.2.4:
2.2.4.1) draw segments CM, BM;
2.2.4.2) enter a symbolic identifier for the desired value (for example, AM);

2.2.4.3) find configurations on the drawing that allows you to build geometric shapes

that are important for calculating the length AM;
2.2.4.4) calculate a certain value in two ways (i.e., get an equation);
2.2.4.5) get the equation by calculating the value of some geometric quantity in two
ways;
2.2.4.6) solve the equation with respect to AM;
2.2.4.7) geometrically interpret the result (for example, remove “extraneous roots”).
Plans 2.1 and plans 2.2 were not implemented.

The result of the implementation of sections 2.2.3.1-2.2.3.4 is Figure 6b and the
equation arcsin (sqrtl | AM) + arcsin (2\/7 / AM) = 60°. The implementation of
section 2.2.3.5 may cause difficulties for the student (although when using the strategy
proposed by us, there should not be problems solving with sufficient knowledge of

trigonometry).
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The result of the implementation of sections 2.2.41-2.2.4.5 is Figure 6¢c and the

equation

1 14-4/7 +28 — 2 - 14cos120°
~/7-2y/7sin120° =
3 V7-2V7sin 2 AM

(AM is the diameter of the circle circumscribed around the triangle BCM). The
implementation of sections 2.2.4.6 and 2.2.4.7 usually does not cause problems.

As experience has shown, the task using the hierarchical model, see Figure 2, for
complex strategies is impractical: excessively cumbersome and inapplicable in practice.
An alternative is the algebraic representation of strategies. In particular, we obtained
the algebraic expansions for the strategies of routine research [9] and routine design
activities, as well as strategies for routine modeling. All these activities are axiomatically

determined by us.

1) The formalizations of the concepts “purpose of activity” and “strategy of activity”
that we have proposed, combined with an algebraic approach to building strategies
and other models, are used by us to organize the process of teaching mathematics
at the Ural State University of Economics. These formalizations can be used to create
control systems based not only on the implementation of algorithms, but, also, on the
implementation of strategies.

In particular, the strategy for solving the geometric “computing” tasks in combination
with models for implementing this strategy (see Figure 1) can be used as a component
of a decision support system and even as a component of an automatic decision search
system.

2) Formalization of purposes typical for a certain field of activity is a non-trivial task
for a specialist in this field. The value of this work for a computerized control system is
very high. As experience has shown, our proposed classifications of reference models
(as part of the purpose) significantly facilitate the process of formalizing the purpose.

3) The implementation of the algebraic approach to the presentation of complex
strategies allows you to change the management process. For example, in the process
of studying new material, organized as training in the implementation of strategies,
students accumulate experience in independent research and project activities, master

the necessary apparatus (experience in implementing basic strategies) and skills.
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